Résumé. 2014 Nous étudions un système dynamique dissipatif discret qui présente une transition vers la turbulence par intermittence. Au seuil d'instabilité, ce modèle possède une structure d'homothétie interne analogue à celle des modèles de bruits de Mandelbrot. Le fait que l'on obtienne un spectre en 1/f suggère que de tels spectres peuvent tirer leur origine d'une dynamique déterministe à court terme bien que non prédictible à long terme, au c0153ur de notre compréhension actuelle de la transition vers la turbulence.
1. Introduction. -Intermittency as a way to turbulence has recently been the subject of experimental [1] as well as theoretical [2] studies. In this article we present a simple but detailed analysis of a discrete dissipative dynamical system which displays this phenomenon and suggests a connection with the well-known widely observed 1/f noise phenomenon.
In the experiments either physical [1] or numerical [3, 4] , intermittency presents itself as a seemingly random alternation of long regular or laminar phases and short irregular or turbulent bursts (see Fig. la ). Present theoretical understanding rests on the theory and numerical simulation of dissipative dynamical systems [5] . Several examples are known which display the intermittency phenomenon [3, 4, 6] ; one is the celebrated Lorenz system [3] . Another one, obtained in modelling chemical reactions [6] , is interesting from another point of view since it presents an 1 If spectrum close to the instability threshold; one of our major points will be to show that this fact is not accidental but on the contrary typical of one of the différent types of intermittency already discovered. Now a rapid glance at figurela is suggestive of figure lb which is strongly reminiscent of excess noise in a transmission line as pictured by Mandelbrot [7] .
Such a random noise is better understood in terms of the distribution of the duration of the intermissions, the time intervals between two noisy events. On the other hand, figure la was obtained from a model (to be described below) which is predictable in the short term though unpredictable in the long term. Working out its statistical properties will reveal that 1 /f noise can also have a deterministic origin.
In a first appendix we review briefly the essentials of the transition to turbulence via intermittency and we establish the connection with the model studied below. A second appendix is devoted to a discussion of the 1 /f spectrum described in reference [6] figure 2 . Each point has two antecedents one x' x and the other x" &#x3E; x. Far from the origin, say for x -x, these two antecedents are also far from the origin. dx' jdx and dx"/dx are both of the order of 1/2 so that equation (3) which reads :
can be, fulfilled with Jl(x), M(x'), g(x") all of the same order of magnitude j1. On the contrary when x is close to the origin, x' -x is also close to the origin and dx'/dx -1, while dx"/dx is of the order of 1/2. Then equation (3) (2) are plotted in figure 3 . The finite duration of the long run prevents observing experimentally a true divergence at e = 0. In agreement with equation (4) figure 5 . Formula (7) is the first manifestation of selfsimilarity [7] in this problem. Another one is given by the series of the lengths of the longest intermissions as a function of their starting time. Indeed in a numerical experiment the initial condition can always be considered as the starting point of a laminar phase. Now let n be the length of an intermission longer than that of all other intermissions that took place before it in the course of the experiment and let ti be the starting instant of this intermission. Figure 6 shows that long intermissions occur only a long time after the beginning of the experiment and that the starting point t; and the length fi are roughly proportional. This is easily understood if one assumes that in an experiment involving N iterations the system can explore a region of phase space such that [7] [7] . Again this is well verified for this model (see Fig. 7 ). (10) down to 1/ln (1/E). Self-similarity is preserved at time scales smaller than 1/6 which then plays the role of outer scale for the process. (The outer scale is the scale at which self-similarity is broken for an external reason, here the fact that one is not exactly at the intermittency threshold. The inner 'scale is the scale at which the process is defined, here the iteration step). 4 . 1/ f spectrum.
Let us now turn to the correlations of the noise. In order to avoid difficulties about stationarity and the existence of averages we shall assume that e is slightly larger than zero but we shall restrict to time scales much smaller than 1 /E in order to remain in the self-similar regime. Then it is legitimate to assume the validity of the WienerKintchine relations between the Fourier transform of the autocorrelation function and the spectral density of the process [8] . As usual the correlation function reads R(t) = x(0) x(ï) ) = jc(0) x(t) & # x 3 E ; 0 & # x 3 E ; where, as before x(t) &#x3E;0 is the average value of the signal when its value at t = 0 is known, here when a noise occurred at t = 0. So one has R('r) '" 1 /ln (r) in the limit of large r. Instead of searching directly the Fourier transform in the limit of small frequencies it may be interesting to obtain its behaviour by a qualitative dimensional argument. Let The same result could have been derived by a more formal calculation starting with the distribution function (7) [9] but this argument is instructive in that it stresses the fact that the noise will present a nontrivial behaviour at m -0 only if it possesses fractal properties. Indeed if v(T) was simply proportional to T at the limit of large T, J( ())) would reduce to a constant at m -0, which will be the case when a :0 0 for T &#x3E; 1 e or co e. Now in the numerical experiment, the spectral density is obtained directly by Fourier transformation of the signal. Figure 8 displays the inverse of the power contained in a spectral line against the frequency. The slight deviation from a lit spectrum at the lowest frequencies Transforming successive series of 2 048 iterates. About 2 000 spectra have been accumulated. Frequencies must be scaled to the maximum possible frequency rom which is just the inverse of the sampling period. At threshold e = 0, the overall 1/f aspect of the spectrum is well verified ; moreover the slight deviation at the lowest frequencies is compatible with the logarithmic correction predicted (see the inset).
seems compatible with the theoretical logarithmic correction. In fact this correction is important in order to make 1 J(m) dm convergent at co = 0 [9] .
The process defined by (1) appears as the limit case of a more general noise with fractal dimension £5 with 0 £5 1 and here £5 = 1 -0(!n). Extending the argument given above one would get J(w) '" co-1 which is also integrable at w = 0. Since £5 cannot be larger than 1 this naive argument cannot account for excess noise with a power spectrum of the form w -', , 1 down to w = 0. Another limitation of the argument developed above is discussed in appendix II. Among different interpretations of 1 /f noise a very old and popular one [10] Since the problem is 2-dimensional with rotational symmetry the natural surface element is 2 Trp dp and it is equivalent to study (1. 3) using p dp or to set p2 = x in (1. 2) and to study it using dx. The rescaling of x and the modified non-linear coefficient in (1) when compared to (I.2) are purely matters of convenience and do not affect the critical properties e --+ 0 of interest in this paper.
Numerical simulation on iteration (I.1) has given y oc Ea with a positive, small and (weakly) dependent on coefficient À, thus unambiguously différent from the logarithmic behaviour predicted by (5) . In the same way, at the intermittency threshold e = 0 one gets JY'(n &#x3E; no) oc nô 0 with fl also function ouf À and slightly différent from 1 (cf. result (7)). Finally, the average number v of noise bursts in an experiment of length N increases as N' with à strictly smaller than 1 in contradistinction with (9 figure 8 .
